The interplay between stripe correlations, local structure, and superconductivity in La 1.875 Ba 0.125 CuO 4 is studied with concomitant polarized x-ray absorption fine structure (XAFS) and x-ray diffraction measurements at high pressure. Long-range order of the CuO 6 octahedral tilt pattern that pins charge-stripe order vanishes at a pressure-induced structural transition (P = 1.8 GPa at T = 5 K). Diffraction shows that static charge stripe and associated octahedral tilt correlations which survive in the high-pressure phase are effectively suppressed above 3.5 GPa. In contrast, XAFS analysis shows that instantaneous local correlations of the characteristic octahedral tilt pattern remain robust to at least 5 GPa. The decreasing local tilt angle is well correlated with a gradual increase in the superconducting transition temperature, suggesting that orientational pinning of charge correlations can survive the loss of static stripe order. Competing electronic interactions in copper oxide, high-temperature superconductors often result in nanoscale inhomogeneity of the spin and charge density in the form of stripes, reducing the rotational symmetry of the CuO 2 planes from fourfold to twofold.
Competing electronic interactions in copper oxide, high-temperature superconductors often result in nanoscale inhomogeneity of the spin and charge density in the form of stripes, reducing the rotational symmetry of the CuO 2 planes from fourfold to twofold. [1] [2] [3] [4] However, it is unclear whether stripe formation is purely electronically driven or triggered by distortions of the underlying crystal lattice. Two important examples are the stripe order in the La cuprate La 2−x Ba x CuO 4 , and the recently discovered charge order in the Y cuprate YBa 2 Cu 3 O 6+δ . 1, [5] [6] [7] [8] [9] [10] [11] In both cases the rotational symmetry of the CuO 2 planes is either already broken or breaks at the onset of charge order. In YBa 2 Cu 3 O 6+δ the CuO chains cause an orthorhombic distortion of the CuO 2 planes. 12 In La 2−x Ba x CuO 4 the local symmetry is reduced by a buckling of the CuO 2 planes, caused by a tilting of the CuO 6 octahedra in the low-temperature tetragonal (LTT) and low-temperature orthorhombic (LTO) phases. 13 Understanding the energetics of competing electronic ground states and their coupling to the lattice is key towards decoding the mechanism behind high-temperature superconductivity (SC).
An effective approach to this problem is to modify the underlying crystal structure and monitor how charge order and superconductivity are affected. In a recent time-resolved ultrafast spectroscopy experiment on stripe ordered, nonsuperconducting La 1 14 It was speculated that the light pulses distort the LTT phase and presumably destroy stripe order, but details of the coupling between charge order and crystal lattice remain unclear. Following a different approach, Ref. 15 describes how pressure suppresses the long-ranged buckling of CuO 2 planes in LBCO 1/8 , restoring the fourfold lattice symmetry of the high-temperature tetragonal (HTT) phase. X-ray diffraction showed that charge (stripe) order (CO) still forms in the high-pressure HTT phase while SC remains suppressed. It was concluded that stripes spontaneously break the rotational symmetry of the CuO 2 planes, and are pinned by quenched buckling disorder. This suggests that the CO in LBCO 1/8 is strongly affected by the local structure; in fact, stripes are predicted to be pinned by local, rather than long-range, disorder.
2 Similarly, the short superconducting coherence length (∼10-20Å) of high T c superconductors necessitates probing structural correlations at this length scale.
Here we study the relationship between local structure, stripe order, and SC in single crystal La 1.875 Ba 0.125 CuO 4 using simultaneous La K-edge polarized x-ray absorption fine structure (XAFS) and diffraction measurements at high pressure in a diamond anvil cell. While our diffraction data show a complete suppression of LTT long-range structural order and restoration of fourfold symmetry in the macroscopic HTT structure, XAFS data clearly indicate that the local LTT tilts persist up to the highest pressure measured (5 GPa). Neither CO nor SC show anomalies across the macroscopic LTT-HTT transition, indicating that long-range structural order does not strongly couple to electronic ordering. On the other hand, CO and LTT domains are concomitantly suppressed and the reduction in local LTT angle appears to strongly correlate with the pressure-dependent superconducting T c , both indicative of a strong coupling of electronic ordering to local structural order.
The LBCO 1/8 single crystal was grown with the travelingsolvent floating-zone technique. Figure 1 presents its three structural phases at ambient pressure, which can be distinguished by different patterns of tilted CuO 6 octahedra. 6, 13, 15 At room temperature the average structure is HTT (space group I 4/mmm) with untilted octahedra (lattice parameters a = 3.78Å and c = 13.2Å). All crystal directions and scattering vectors in this study are specified based on this unit cell. In the LTO phase (Bmab) below T = 235 K, the octahedra tilt about the the LTT phase seems to be crucial for stripe pinning, as evident in the 90
• rotation of stripe direction between adjacent planes. 1 The experiments were performed at undulator beamline 4-ID-D of the Advanced Photon Source, Argonne National Laboratory. X rays tuned to the La K-edge energy (38.95 keV) were used. A membrane-driven diamond anvil cell (DAC) was prepared with both full and perforated anvils, the latter mitigating the distortion of XAFS data by diamond Bragg peaks. As seen in Fig. 2(b) , a small single crystal was loaded together with ruby balls and a silver foil, the latter used for in situ pressure calibration. The experimental setup is depicted in Fig. 2(a) . Diffraction was measured in Laue (transmission) geometry. Since the crystal may slightly rotate during pressure load, the horizontal x-ray linear polarization was aligned along the a or c axis using (006) or (200) Bragg peaks, respectively. The (100) peak, allowed in the LTT phase only, was also probed at each pressure in order to locate the LTT-HTT phase boundary. Polarized XAFS data were collected in transmission mode up to ∼860 eV above the edge (k ∼ 15Å −1 ), translating into ∼0.1Å spatial resolution in the refinements of interatomic distances. 16 XAFS spectra collected for both polarizations at 0.3 GPa are shown in Fig. 2(c) . The IFEFFIT/HORAE 17, 18 and FEFF8 19 packages were used to analyze the XAFS data. Additional x-ray diffraction measurements probing CO and tilt domains across the LTT-HTT phase boundary were carried out with the same setup using 20 keV x rays. See the Supplemental Material 20 for further details on the experimental setup and data analysis.
The large sensitivity of La K-edge polarized XAFS to the nature of local tilts in oriented samples of LBCO 1/8 was previously demonstrated at ambient pressure. 16 As seen in Fig. 1(d) , the rotations of CuO 6 octahedra in LTT and LTO phases introduce strong splittings in the in-plane La-O(2) distances (∼0.15-0.2Å), whereas a single planar La-O(2) distance is present in the HTT phase. XAFS measurements on powder samples, on the other hand, average over all nine La-O distances, reducing the sensitivity to the different tilt patterns. There are few reports on the use of polarized XAFS at high pressures, [21] [22] [23] and to our knowledge simultaneous measurements of single crystal diffraction and polarized XAFS to high photoelectron wave number, k = 15Å −1 , under high pressure in a diamond anvil cell still need to be reported.
At ambient pressure the XAFS data is best fitted with an LTT model as expected from diffraction 13 and previous XAFS studies 16 [ 
Figs. 3(a) and 3(c)]. Figures 3(b) and 3(d)
show fits to the 2.7 GPa data for both polarizations using LTT and HTT models. At this pressure the system is in the macroscopic HTT phase [ Fig. 4(c) ]. While theê c data has low sensitivity to local tilts [ Fig. 3(b) ], theê a XAFS data is highly sensitive to local tilts and can only be described with an LTT model [ Fig. 3(d) ]. In fact, the R factor (misfit) for the first coordination shell in the LTT model is 4.3%, while for the HTT model it is 13.6%. Furthermore, the back Fourier transform (FT) of first shell La-O distances in theê a data is in very good agreement with an LTT model [ Fig. 3(e) ], while the HTT model completely misses the beating pattern arising from splits in La-O distances as a result of local LTT tilts. Finally, the pressure dependence of the measured root-mean-squared (rms) disorder in the La-O bond length further supports the persistence of local LTT tilts at high pressures. An HTT model results in an unphysical increase in rms disorder across the LTT-HTT phase transition [ Fig. 3(f) ]. Fits with a pure LTO model could not reproduce the data and models combining LTT/HTT and LTT/LTO mixtures resulted in over 95% LTT phase fraction. Further details on XAFS modeling are presented in the Supplemental Material. compressibility of the rocksalt LaO 2 layer relative to that of the CuO 2 layer is the likely cause for the tilt reduction under pressure. The single La-O(2) planar distance in the macroscopic HTT phase, as obtained from lattice parameters measured in the simultaneous diffraction experiment, is in good agreement with an average of the two local La-O(2) distances obtained by XAFS within the LTT model [ Fig. 4(a) ], indicating that the macroscopic HTT phase is recovered by long-range averaging of local distortions. We note that the La-O(2) splitting evolves smoothly across the LTT-HTT transition, with no evidence of any discontinuity. The survival of instantaneous local LTT tilt correlations across a structural transition is not without precedent, as it has been observed previously across thermally induced transitions (at ambient pressure) in both LBCO 1 The presence of local LTT tilts in the high-pressure HTT phase is demonstrated, but XAFS is unable to provide information on how (and if) such tilts order at intermediate length scales and interact with short-ranged CO. To study this relationship, guided by previous findings, 15 we probed the high-pressure behavior of both (1.5,1.5,2) LTT/LTO and (2 − 2δ,0,0.5) CO diffraction peaks. The width of the structural superlattice peak undergoes a drastic change from sharp to broad across the LTT-HTT transition at p c ∼ 1.8 GPa phase remains unclear with either the LTT domains driving stripe pinning, or stripe order driving the formation of local LTT domains.
It is known that the strongly depressed bulk T c in LBCO 1/8 is caused by frustration of the interlayer Josephson coupling, which occurs as a consequence of the charge-stripe order and the interlayer rotation of the stripe-pinning anisotropy associated with the LTT phase. 29, 30 We have shown that elastic scattering from charge-stripe order is continuously depressed at high pressure in the HTT phase (p > p c ), and becomes negligible above ∼3.5 GPa. One might expect to see a rapid rise in T c associated with the disappearance of the static stripe order; however, even at 5 GPa (15 GPa), T c has only reached 12 K (18 K), 15 which is far below the 40 K onset of strong superconducting correlations within the CuO 2 layers at ambient pressure, 31 as well as the highest observed bulk T c of 32 K. 7 Instead, we observe that T c (P ) ∼ − R(P ), where R is the La-O(2) splitting [ Fig. 4(b)] . 32 Although the current experiments only probe the instantaneous lattice/electronic ordering and average over their dynamics, given the close connection between the LTT tilt pattern and stripe order, we infer from the T c correlation that the local LTT tilt correlations are sufficient to pin a charge nematic state, 2 involving slowly fluctuating charge stripes, that retains the partially frustrated Josephson coupling. This is evidence, if somewhat indirect, for a dynamical phase with intertwined charge and superconducting order. 30 A challenging experiment for the future would be to investigate the evolution of lowenergy spin fluctuations with pressure in order to follow their relationship with the superconductivity.
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